In teleost fish and tetrapods, the natriuretic peptide (NP) family consists of ANP (atrial natriuretic peptide), BNP (brain natriuretic peptide) and VNP (ventricular natriuretic peptide) that are secreted from the heart, and C-type natriuretic peptide (CNP) that is found in the brain. However, CNP is the only NP identified in the heart and brain of elasmobranchs, suggesting that it is the ancestral type of the NP family and that ANP, BNP and VNP appeared later in the vertebrate phylogeny. To delineate more clearly the molecular evolution of this hormone family, we determined the sequence of NP molecule(s) in evolutionarily the oldest vertebrate group, the cyclostomes. We have cloned a novel NP cDNA from the heart and brain of hagfish, Eptatretus burgeri, using the RACE method and degenerate primers that amplify all known types of NP cDNAs. The novel NP, named EbuNP after the scientific name of this hagfish, appears to be the only NP in the heart and brain, as no other NP cDNAs were amplified even after specific removal of the cloned EbuNP mRNA from the mRNA pool, except for a minor alternatively spliced EbuNP cDNA with a truncated 3′-untranslated sequence. The EbuNP was equally similar to known NPs but was not considered to be a CNP because of the presence of a C-terminal tail sequence. The EbuNP gene was abundantly expressed in the cardiac atrium, ventricle, portal heart and brain but scarcely in the intestine; no expression was observed in the gill and kidney. Mass spectrometry of affinity-purified EbuNP in plasma, heart and brain revealed a 68 amino acid peptide circulating in the blood and stored in the heart, which is cleaved at the typical cleavage signal of a processing enzyme, furin, as observed in mammalian BNP. The C-terminal Gly residue was used for amidation as is the case in eel ANP. The immunoreactive EbuNP was not detected in the brain, suggesting the presence of a different processing form in the brain. These results show that the molecular evolution of the NP family in vertebrates is more complex than previously thought.
Introduction
Natriuretic peptides (NPs) are a hormone family that plays a pivotal role in cardiovascular and body fluid homeostasis in vertebrates (Brenner et al. 1990 , Evans 1990 , Farrell & Olson 2000 , Loretz & Pollina 2000 , Takei 2000 . While the NP family consists of atrial natriuretic peptide (ANP), brain natriuretic peptide (BNP) and C-type natriuretic peptide (CNP) in mammals and amphibians, ANP, VNP (ventricular natriuretic peptide) and CNP occur in teleost fish. ANP, BNP and VNP, which have a C-terminal 'tail' sequence of variable length that extends from the intramolecular ring structure formed by a disulfide bond, are produced mainly in the heart and act as circulating hormones; however, CNP, which lacks the 'tail' sequence, functions as a paracrine or autocrine factor in the brain and peripheral tissues such as the endothelium (Chen & Burnett 1998) . Most biological actions of NPs are mediated by two distinct natriuretic peptide receptors (NPR-A and NPR-B), which are membrane guanylyl cyclases that generate cGMP as an intracellular second messenger. In mammals, ANP and BNP bind NPR-A with high affinity, whereas NPR-B is a selective receptor of CNP. This suggests that the NP family has diverged into two functionally and structurally distinct groups during vertebrate evolution. This is supported by genomic analysis because in human and mouse the ANP and BNP genes are localized in tandem on the same chromosome, while the CNP gene is present on a different chromosome (Ogawa et al. 1994 , Tamura et al. 1996 .
In elasmobranchs, however, CNP has been isolated from the heart and brain of dogfish, Triakis scyllia (Suzuki et al. 1994) . Furthermore, CNP circulates in the blood at high concentrations (Suzuki et al. 1994) , and vascularly perfused CNP stimulates Cl secretion from the rectal gland of the dogfish, Squalus acanthias (Solomon et al. 1992 , Silva et al. 1999 , indicating that CNP functions as a circulating hormone in elasmobranchs. The major form of CNP stored in the heart and circulating in blood of Triakis is CNP prohormone (pro-CNP), but mature CNP (CNP-22) is stored in the brain as in all other species examined to date (Takei 2000) . In order to confirm the absence of ANP, BNP and VNP in the dogfish heart, we removed the cloned CNP mRNA from the mRNA pool, because abundantly expressed CNP mRNA may hinder the amplification of other NP mRNAs that might be expressed in smaller amounts (Kawakoshi et al. 2001) . However, the PCR cloning using primers that amplify any of the known NP cDNAs failed to detect other NPs except for a minor CNP cDNA with truncated 3 -untranslated sequences. Since CNP is present in all species thus far examined, and since CNP is structurally the most conserved peptide of the NP family, we hypothesized that CNP is the ancestral type of the NP family and that ANP, BNP and VNP appeared later by gene duplication. To verify this hypothesis, the identification of NP(s) in a phylogenetically more ancient vertebrate group is essential.
In the present study, we examined whether CNP is present in the heart and brain of the hagfish, Eptatretus burgeri, which belongs evolutionarily to the oldest vertebrate group, the cyclostomes. Previously, NP-like immunoreactivity has been detected in the brain and heart of Atlantic hagfish, Myxine glutinosa, using an antiserum raised against human ANP (Reinecke et al. 1987) and in the brain but not the heart of the same species using antisera raised against porcine BNP and CNP (Donald et al. 1992) . We used the PCR-based method and degenerate primers that amplify the cDNAs of each type of NP and identified an mRNA encoding an NP precursor with a long C-terminal 'tail' sequence in the heart and brain of the hagfish; no other NP cDNAs including CNP were detected. Subsequently, the expression of this NP gene was determined in various tissues using PCR and the processed form in the heart, brain and plasma was examined by mass spectrometry in combination with affinity chromatography.
Materials and Methods

Animals
Hagfish, Eptatretus burgeri, of either sex that weighed 120 40 g (n=30) were collected from the Koajiro Bay near Misaki Marine Biological Station, University of Tokyo, in October 2000. The fish were anesthetized in 0·5% (w/v) 3-aminobenzoic acid ethyl ester (Sigma) neutralized by sodium bicarbonate for 15 min, and blood was collected from the caudal sinus into a chilled syringe containing 10 µl/ml blood of 10% 2K-EDTA. Tissues (brain, systemic heart, portal heart, intestine, gill and kidney) were then dissected out, quickly frozen in liquid nitrogen and kept at -80 C until use. The blood was centrifuged, and plasma was frozen in liquid nitrogen and stored at -80 C until use. All experiments described in this paper were performed in accordance with the Guidelines for Care and Use of Animals, approved by the University of Tokyo.
Cloning of hagfish NP cDNA
The cloning of the hagfish NP cDNA was achieved using 3 -and 5 -RACE methodologies. Total RNA was extracted from the heart and brain using the AGPC method (Chomczynski & Sacchi 1987) . Poly-A + RNA was purified from the total RNA using Oligotex-dT30 (Takara, Kyoto, Japan) and 1 µg was reverse transcribed to cDNA with a 3 -terminal adaptor using the 3 -Full RACE Core Set (Takara). PCR reactions were performed with one of the degenerate sense primers (see below) and the universal antisense adaptor primer, using a high-fidelity Ex-Taq DNA polymerase (Takara). The amplified products were ligated into a pT7 Blue T-vector (Novagen, Darmstadt, Germany), and the nucleotide sequences were determined using an automated DNA sequencer (PRISM 310; Perkin-Elmer/Applied Biosystems, Foster City, CA, USA). Five degenerate sense primers were designed that could amplify all known NP cDNAs: NP-1 (ANP and CNP), TGYTTYGGGGTNA ARCTGGAYMGNATHGG; NP-2 (ANP and BNP), GGCTGCTTTGGGSGNMGRATNGAY MGNAT; NP-3 (ANP and VNP), GGCTGTTTT GGTGMNMGRATKGANMGNAT; NP-4 (CNP only), GGCTGCTTTGGCYTNAARCTGGACM GNAT; and NP-5 (CNP only), CTGGACMGN ATCGGSKCCATGAGYGGNCT. The validity of these primers has been tested by amplification of NP cDNAs from the heart and brain of the eel, quail and dogfish. After an initial denaturation at 94 C for 3 min, 40 cycles of PCR were performed, each consisting of 1 min denaturation at 94 C, 30 s annealing at varying temperatures, and 1·5 min extension at 72 C.
A circular or concatemeric first-strand cDNAmediated RACE method was applied to obtain the 5 -end of the hagfish NP cDNA (Maruyama et al. 1995) . One-half microgram poly-A + RNA was reverse transcribed using a phosphorylated genespecific primer. After digestion of the RNA strand with RNase H, the cDNA strand was circularized and/or joined into a concatemeric form by T4 RNA ligase. The resulting single-stranded cDNA was used as a template for amplification of the 5 -end with gene-specific sense and antisense primers. PCR products were cloned and sequenced as described above. To confirm the nucleotide sequence obtained by the 5 -and 3 -RACE methods, specific sense and antisense primers were designed in the 5 -and 3 -untranslated regions respectively, and the full length of the coding region was amplified, and subsequently cloned and sequenced as described above.
Removal of Eptatretus burgeri NP mRNA with RNase H
Since consensus sequences of all NPs are well conserved, it is almost impossible to design a specific primer that amplifies only a single-type of NP cDNA. In fact, all primers used in the current study are not specific for a single NP cDNA but cross-hybridize to varying degrees with multiple NP cDNAs at low annealing temperatures. Therefore, if an NP mRNA is expressed in large amounts in the heart or brain, this may prevent amplification of the other NP mRNAs that are expressed in smaller amounts. To address this potential problem, Eptatretus burgeri NP (EbuNP) mRNA was removed from the mRNA pool before cDNA synthesis (Kawakoshi et al. 2001) . One microgram poly-A + RNA in 20 mM Tris-HCl (pH 8·3), 50 mM KCl, 10 mM dithiothreitol and 2·5 mM MgCl 2 were heat-denatured at 90 C with 0·05 µg oligonucleotide (melting temperature 63·9 C) that is complementary to the 3 -untranslated region of the cloned EbuNP mRNA (nucleotides 1216-1235). The mixture was cooled gradually to an annealing temperature of 70 C. RNase H (0·02 units) was then added and the reaction was incubated at 70 C for 20 min. After purification with phenol/chloroform, 3 -RACE was performed as described above. To confirm the specific removal of the cloned EbuNP mRNA, hagfish -actin and vasotocin cDNAs (Suzuki et al. 1995) were amplified in parallel with the EbuNP cDNA.
Tissue expression of EbuNP mRNA
The expression of the EbuNP gene was studied in the cardiac atrium, ventricle, portal heart, brain, gill, kidney and intestine from three individuals. One microgram total RNA from each tissue was reverse-transcribed using the Superscript FirstStrand Synthesis System for RT-PCR (Invitrogen), and one-fortieth of the first-strand cDNA was subjected to PCR amplification with specific sense and antisense primers (nucleotides 344-363 and 672-691 of EbuNP cDNA). After an initial denaturation at 94 C for 3 min, 30 cycles of PCR were performed, each consisting of 1 min denaturation at 94 C, 30 s annealing at 60 C and 1·5 min extension at 72 C. The resulting PCR products were electrophoresed through a 1·2% (w/v) agarose gel and were detected with an automatic image analyzer (FLA 2000; Fuji Film) after staining with ethidium bromide. As a reference control, hagfish -actin mRNA was amplified under the same conditions.
Preparation of affinity column
An anti-EbuNP serum was generated for preparation of the affinity column. As an antigen, a 30 amino acid peptide at the C-terminus of the EbuNP precursor was synthesized in a peptide synthesizer (Model 430A; Applied Biosystems). A disulfide bond was formed at the two Cys residues. To enable future iodination, a Tyr residue was added to the N-terminus of the synthetic EbuNP. It is generally known that addition or deletion of the N-terminal amino acids scarcely influences the biological activity of NPs (Takei 2000) . The antiserum was raised in two rabbits against the synthetic EbuNP conjugated to BSA with glutaraldehyde. The antibody titer was examined by ELISA every month. The peptide synthesis and antibody production were done at the Peptide Institute Inc., Osaka, Japan. The IgG was purified from 2 ml antiserum using GammaBind Plus Sepharose (Amersham Pharmacia Biotech). The affinity column was prepared using an Affi-Gel Hz Immunoaffinity Kit (Bio-Rad, Richmond, CA, USA) by coupling the purified IgG with Affi-Gel Hz hydrazide gel. Before sample application, 10 nmol BSA, which was used as a carrier for IgG production, was dissolved in 10 ml application buffer (0·01 M PBS, pH 7·2) and was applied onto the column to prevent recovery of components that bind to anti-BSA IgG.
Sample preparation from tissues and plasma
The extracts of the hagfish heart and brain were prepared based on the method of Takei et al. (1989) for isolation of eel ANP. The tissues (systemic hearts and brains, 3 g each) were heated in 10 ml distilled water in a boiling water bath for 5 min, and rapidly cooled to 4 C. Acetic acid was then added to a final concentration of 1 M, and the tissues were homogenized in a Polytron homogenizer for 1 min at the maximum speed. After centrifugation at 25 000 g for 30 min at 4 C, 20 ml acetone were added to the supernatant. After 1 h at 4 C, the mixture was centrifuged and the supernatant was lyophilized. The dried materials were dissolved in 3 ml 1 M acetic acid, to which 300 ml cold acetone were added and kept at 4 C for more than 3 h. Hagfish plasma (100 ml) was treated as above without Polytron homogenization. Finally, the 99% acetone mixture was centrifuged at 15 000 g for 30 min at 4 C, and the precipitate was dissolved in coupling buffer (heart and brain, 5 ml; plasma, 20 ml) for affinity chromatography. Synthetic [Tyr 0 ]-EbuNP (20 pmol), which is not an endogenous peptide, was added to each extract to examine the performance of the affinity column. Bound materials were eluted with 3 ml 0·1 M acetic acid and were subjected to mass spectrometry as described below.
Mass spectrometry
The affinity-purified samples of plasma, heart and brain were subjected to mass spectrometry in a Q-Tof mass spectrometer (Micromass, Manchester, UK) combined with capillary HPLC. This mass spectrometry allows the determination of the molecular mass from semi-purified samples after separation by reverse-phase HPLC with an accuracy of , 0·5 Da. The detailed setup and usage of the mass spectrometer have been described previously (Yasuda-Kamatani & Yasuda 1999).
Molecular phylogenetic analysis
Deduced amino acid sequence of EbuNP prohormone was aligned with those of ANP, BNP, VNP and CNP of other species by the T-Coffee program (Notredame et al. 2000 ). The aligned sequences were then analyzed by the ClustalW program with the default settings except that TOSSGAPS was turned off.
Results
Cloning of cDNAs encoding EbuNP
An NP cDNA was cloned from the heart and brain of hagfish by NP-1 and NP-2 primers that aim to amplify ANP and BNP cDNA, but not by NP-3, NP-4 and NP-5 (Fig. 1) . No other NP cDNAs were amplified from the heart and brain using any of the primers. Thus, we named the NP of Eptatretus burgeri EbuNP. The EbuNP precursor deduced from the cDNA sequence was composed of 162 amino acid residues carrying a mature peptide at the C-terminus (Fig. 1) . The N-terminal 23 amino acid peptide of the precursor was predicted to be a signal peptide (Nielsen et al. 1999 ). The C-terminal portion had two Cys residues that may form a ring structure flanked by a disulfide bond. The C-terminal 'tail' sequence of ten amino acid residues extended from the ring structure. The unique Arg residue existed just after the second Cys. The Gly residue at the C-terminus may be an amidation signal. The analysis of three clones from the heart and brain showed that the nucleotide sequence of EbuNP cDNA was identical in the heart and brain even in the untranslated regions.
RNase H digestion
The RNase H treatment of the heart and brain mRNA after hybridization with the oligonucleotide at the 3 -untranslated region abolished the amplification of the EbuNP cDNA, which should have appeared at 800 bp by RT-PCR (Fig. 2a) . In contrast, -actin and vasotocin cDNAs were amplified after the enzyme treatment, showing the specific removal of the EbuNP mRNA. After removal of the EbuNP, further amplification by 3 -RACE produced a smaller, faint band (Fig. 2b) . Sequence analysis revealed that this cDNA encodes the same EbuNP precursor with a truncated 3 -untranslated sequence, but not that of different NP species (Fig. 1) .
Tissue distribution of EbuNP gene expression
RT-PCR showed that EbuNP mRNA was expressed abundantly in the systemic heart (atrium and ventricle) and brain of hagfish (Fig. 3) . In addition to the systemic heart, strong expression was detected in the portal heart that is unique to the hagfish circulatory system. A low level of expression was also observed in the intestine, but no signal was detected in the gill and kidney (Fig. 3 ).
Molecular forms of EbuNP in plasma and tissues
Multiple charged ions were observed at m/z 847·29, 953·04, 1089·06, 1270·44 and 1524·39 in the HPLC-mass spectrometry analysis with the affinity-purified heart and plasma samples (Fig. 4) , which were deconvoluted to 7616·6 Da. This value was in good agreement with the theoretical value (7616·6) of one from the possible processed sequence (from Ser 94 to Ser 161 ) with a disulfide bond and an amidated C-terminus (Fig. 1) . The N-terminal processing site (Arg 90 -Thr 91 -Arg 92 -Arg 93 ) corresponded to the processing motif of a major processing enzyme, furin (Hosaka et al. 1991) . Gly 162 at the C-terminus was used for amidation of Ser 161 . Since the confidence limit of the mass spectrometry used in this study was within 0·5 Da, the amidation of the C-terminal Ser was evident. Since the peak for the 4+ charge state ion of synthetic EbuNP (molecular mass=3280·6) was detected in the mass spectrometry (Fig. 4b) , the performance of the affinity chromatography was confirmed. From the affinitypurified brain samples, no distinct peaks corresponding to the possible processed sequences, including those of the truncated C-terminal 'tail' sequence, were obtained.
Molecular phylogenetic analysis
The alignment of NP prohormones from various species shows that EbuNP has low similarity to ANP, BNP, VNP and CNP in the prosegment (Fig.  5) . EbuNP cannot be categorized into any NPs even by comparison with mature sequences. The molecular phylogenetic tree depicted with prohormone sequences also showed that EbuNP does not belong to any group of NPs (Fig. 6 ).
Discussion
The hagfish is evolutionarily the oldest vertebrate species that diverged over 550 million years ago from the other vertebrate species processed (Sower & Kawauchi 2001) . It seems that their genes coding for proteins may have been modified profoundly during the long history of evolution. To our knowledge, only three hormone genes have been cloned from the hagfish: insulin (Chan et al. 1981) , insulin-like growth factor (Nagamatsu et al. 1991) and vasotocin (Heierhorst et al. 1992 , Suzuki et al. 1995 , all of which are well-conserved across different classes of vertebrates. In the present study, an NP cDNA was successfully cloned from the heart and brain of hagfish. No other NP cDNA was cloned even when PCR primers that can amplify all members of the NP family were used. No other type of NP was obtained even after specific removal of the cloned EbuNP cDNA; only a minor EbuNP cDNA with a partially truncated 3 -untranslated region was amplified. Therefore, it is highly probable that EbuNP is the sole NP in this evolutionarily old vertebrate species. The EbuNP precursor was not categorized into any group of ANP, BNP, VNP or CNP (Fig. 6) . Therefore, we regard it as a novel type.
We previously reported that only CNP is present in elasmobranchs (Kawakoshi et al. 2001 ), although at least three different NPs have been identified in teleost fish, amphibians and mammals. Therefore, it is most likely that CNP is the ancestral type of the NP family, and other NPs have evolved by gene duplication during the transition from cartilaginous fish to bony fish. However, it is apparent that the novel EbuNP identified in the current study is not CNP because of the presence of a long C-terminal tail sequence. In the tail sequence, three consecutive basic amino acid residues (Arg-Arg-Arg) are present, a characteristic shared with eel and trout VNP (Takei 2000) . The tail sequence is amidated at the C-terminus, which is a characteristic shared only with eel ANP . On the other hand, in the prosegments of ANP, BNP and VNP, a highly conserved region is present (Fig. 5) , which is not observed in the prosegment of EbuNP and CNP. This conserved sequence has been suggested to form a motif for transcriptional regulation (Seidler et al. 1999) . In terms of structural characteristics, therefore, it is not possible to classify EbuNP to any of the known members of the NP family.
Only a single peptide that corresponded to the appropriate molecular mass of the processed EbuNP was recovered from the heart and plasma after affinity chromatography using antisera raised against the putative C-terminal mature peptide. The pro-EbuNP that should be present in the heart was not recovered from the affinity chromatography, probably because of its low affinity to the antiserum. Judging from the molecular mass, the processed form in the heart and plasma consisted of 68 amino acid residues with an amidated C-terminus. The processing signal of the precursor (Arg-X-Arg-Arg) showed that the peptide is most probably cleaved by furin, a member of the Kex2 family of major processing enzymes (Hosaka et al. 1991) . In the NP family, only BNP is known to be processed by furin, and a processed form secreted from the heart circulates in the blood of mammals (Tateyama et al. 1990 , Togashi et al. 1991 . Since mature ANP, VNP and CNP are processed by enzymes other than furin, EbuNP is similar to BNP in this respect.
The EbuNP gene was expressed in the portal heart in addition to the atrium and ventricle of the systemic heart. The portal heart is an organ unique to hagfish that helps pump a large volume of blood under low arterial pressure (Forster 1998) . Previously, Reinecke et al. (1987) reported that secretory granules are present in both the systemic and portal heart of Myxine glutinosa which contain immunoreactive ANP. Thus the present result is consistent with their observation. In addition to cardiac tissues, EbuNP was expressed in small amounts in the intestine. In mammals and teleost fish, ANP is produced in the intestine and regulates NaCl absorption in a paracrine or autocrine fashion (Loretz et al. 1997 , Gonzalez Bosc et al. 2000 . ANP is also produced in the kidney as urodilatin in mammals (Meyer et al. 1998 ) and teleost fish , but no expression of EbuNP was detected in the hagfish kidney. 
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Together with the absence of EbuNP expression in the gill, the peptide may not act as a local paracrine factor in the osmoregulatory organs of the hagfish.
Since only EbuNP gene is expressed in the brain, the hagfish is the only species in which CNP is not detected in the brain. Reinecke et al. (1987) reported the presence of immunoreactive ANP in the hagfish brain, which coincides with the abundant expression of EbuNP in the brain found in this study. In spite of the abundant expression as detected by RT-PCR, no immunoreactive EbuNP could be recovered from the brain after affinity chromatography using the antiserum directed to the C-terminal portion of the precursor. The Arg residue of EbuNP located just after the intramolecular ring, which is unique to EbuNP (Fig. 5) , may serve as a processing signal in the brain just as in ANP-(4-28), which is processed after a single Arg residue in the mammalian brain. The cleavage of the 'tail' sequence and subsequent removal of the Arg residue by a carboxypeptidase may produce a CNP-like peptide in the brain. The long C-terminal 'tail' sequence of EbuNP is unique to this molecule and strongly hydrophilic, so that this portion may be highly immunogenic in the rabbit. Thus, the failure to recover EbuNP from the brain after affinity chromatography could be accounted for by the lack of the 'tail' sequence. The fact that immunoreactive CNP is present in the brain but absent from the heart of Atlantic hagfish supports this idea (Donald et al. 1992) . In elasmobranchs that have only CNP in the heart and brain, CNP-22 is stored in the brain as in other vertebrate species, while pro-CNP is stored in the heart and circulates in the blood (Suzuki et al. 1994) . In mammals, ANP-(4-28) and -(5-28) are stored in the brain (Ueda et al. 1987) , while pro-ANP is stored in the heart. ANP-(1-28) is cleaved off from pro-ANP by the enzyme corin, at the time of secretion and circulates in the blood (Wu et al. 2002) . Thus, the processing of NP family members generally differs between the endocrine heart and paracrine brain.
The identification of a novel NP that is equally similar to ANP, BNP, VNP and CNP in evolutionarily the oldest vertebrate species makes the molecular evolution of the NP family more complicated. One possibility for the evolution is that CNP is the ancestral type as found in elasmobranchs, but a mutation occurred within the hagfish lineage in the course of evolution. Another possibility is that EbuNP is the ancestral type. In this case, EbuNP has changed into CNP during the course of evolution to cartilaginous fishes. This occurs by one point mutation of the Arg residue just after the intramolecular ring that changes Arg to a stop codon. The mutation may have occurred before genome duplication before evolution to gnathostomes as hypothesized by Escriva et al. (2002) because our preliminary data showed that CNP is present in the brain and heart of lamprey, Lampetra japonica (A Kawakoshi, S Hyodo & Y Takei, unpublished observations). Since dogfish expresses only one CNP gene (Kawakoshi et al. 2001) , one of the duplicated CNP genes may have been lost during the course of evolution. Since only one NP is present in the hagfish, it is intriguing to examine which type(s) of NP receptors are present in the hagfish. In mammals and teleost fishes, it has been demonstrated that NPR-A is a receptor for ANP, BNP and VNP, and NPR-B is a specific receptor for CNP. In elasmobranchs where only CNP exists, only NPR-B has been identified (Aller et al. 1999) . In the hagfish, a partial sequence of an NP receptor has been cloned (Callahan et al. 2000) , but it is too short to determine the receptor type. Identification of more NP ligands and NP receptors in species at various phylogenetic positions will enable us to show a more clear picture of the evolution of the NP system in vertebrates.
